If a specimen is analysed repeatedly for a constituent using the same method throughout, the individual results will usually be distributed normally around a mean value which is the best estimate of the concentration of the constituent. This best estimate may be greater or less than the 'true' value and the term 'accuracy' is concerned with the agreement between these two figures; the closer the agreement, the greater the accuracy.
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The extent of the scatter of individual results around the mean is expressed by the standard deviation (S.D.) quoted in the same units as the mean. Alternatively the standard deviation may be expressed as a percentage of the mean value and is then referred to as the coefficient of variation (c.V). The smaller the S.D. (or C.V.) the greater the precision of the method.
The term 'normal range' indicates that range of concentration of a particular constituent covered by two S.D.s on either side of the mean value observed in a group of 'normal' persons. In the case of a Gaussian distribution this range will include approximately 95 % of the 'normal', population.
There are various 'normal' populations and the influence of such factors as age, sex, posture, time of day, diet and general health is the province of other papers in this symposium. Whatever is selected as 'normal' for determination of the normal range of a particular substance it is relevant to enquire whether the accuracy and precision of the methods and instruments used to carry out the determinations have any significant effect on the range determined.
Influence of precision on the normal range for a particular substance
In any group of normal subjects, individual biological differences between members will lead to a scatter of results around the mean value. The extent of this can be expressed as the biological S.D. (Sb) . The actual figure obtained for a particular individual will be subject to error in the analytical method and this can be expressed as a methodological S.D. (Sm) . The observed variation in this group of normals expressed in terms of a S.D. (So) Paper read at National Joint Meetinll, London, September, 1968. 3 will be greater than the biological or methodological variation singly and will be equal to v'Sb 2 + Sm 2
The usual normal ranges quoted are based on this distribution with S.D. equal to So and the true biological variation is not usually derived. Table 1 indicates the position when the true biological S.D. (Sb) is 100 umts and S« varies from 20 to 1,000. The observed S.D. (So) varies from 102 to 1,005 units. The methodological error (Sm) can be independently measured by various methods and is sometimes expressed as a percentage of the observed S.D. (So) of the normal population. This figure appears in the Table and vanes from 10.6 -99.5 %. It cannot be larger than 100% and, at least in its upper range, it is a misleading indication of the distortion of the normal range introduced by imprecise methods. The Table also indicates the percentage of the observed S.D. attributable to biological causes and this falls from 98 to 10%.
The more closely we want to define variations from the biological norm, the more careful we must be that the observed normal range is a true reflection of the biological variability. If it is considered 'acceptable' that 90 %of the total variation is due to biological variation the corresponding methodological error would be equal to 45 % of the total variability. In this region of the This figure is similar to 45 % suggested above.
It is worthwhile considering further the appropriate values of Sb and S« which should be used in this assessment. The biological variation Sb could well be less the more carefully defined is the population to which it refers from the point of view of age, sex, time, etc. More careful delineation of the normal would then imply more stringent requirements for S",. It is important that the value for S", considered should be one which truly reflects the magnitude of methodological error under the conditions in which the normal range is being considered. Thus a value of S", obtained by replicate analysis in a single batch of an aqueous solution of the substance under consideration will be considerably less than the correct one, derived from repeated analyses of an appropriate biological sample such as plasma, leading to false optimism about the likely effects of analytical error. The replicates should belong to different batches and should be performed using all the analysts and instruments involved in the daily practice of the laboratory for that determination. If possible the samples being analysed should be disguised as patient's samples so that no unconscious bias is operating when recording the answer (Gowenlock and Broughton, 1968 ). This will increase the value of S", but it will then represent the methodological error really encountered in the laboratory.
Where a normal range is quoted and intended for wider than domestic use the appropriate S.D. for the method is that which includes inter-laboratory variation. This may increase the value of S", three or four-fold, and make its effect on the normal range more important. It is also important that the value of S", should be determined on specimens whose concentrations fall in the normal range. It is not always correct to infer the S.D. for one concentration from its magnitude at another concentration. Calculation by simple proportion assumes that the C.V. remains constant with concentration. This is not so for changes in concentration covering a four or five-fold range such as encountered for urea (Campbell and Annan, 1966) .
If we apply these considerations to the desirable precision for some commonly determined constituents in clinical biochemistry, the situation indicates that current methods are satisfactory for some substances but not for others. In the case of sodium the figures quoted in textbooks for the normal range imply a value for So of about 3.0 m-equiv./l. If it is accepted that Sm should be less than 45 % of So, this requires a value of S", = 1.3 m-equiv./l. Realistic values for S", obtained in many laboratories fall far short of this figure and the best figures reported are in the range 1.0-1.4 m-equiv./l. (Gowenlock and Broughton, 1968) . The situation becomes worse when the apparent normal range within an individual laboratory is considered. The figures from the Massachusetts General Hospital, 136-145 m-equiv./l. are equivalent to So = 2.2 m-equiv.rl., the figures of Zwart Voorspuij and van der Slik (1964) are equivalent to 1.6 m-equiv./l. Similarly, subdivision of the 'normal' population into different categories by Payne and Levell (1968) , dependent on the coexistence of non-specific illness, also gives such lower figures. The conclusion would appear to be that, with present methods and instrumentation, an appreciable part of the apparent normal variation of Na is due to non-biological causes. The only way of combating the problem with present methods would be to perform n replicates on a specimen to reduce the value of Sm to S",/ \ 'n but the increased number of analyses would probably be out of the question for routine work.
In the case of urea the usual normal range of 15-45 mg./l00 mI. would correspond to So = 7.5 mg./l00 ml. The AutoAnalyzer, commonly used for this determination, is capable in good laboratories of an analytical precision Sm of 1.0-1.5 mg./100 mI., i.e. 13-20% of So. There is, however, little cause for complacency as subdivision of the 'normal' population could reduce the normal range to a degree which begins to make demands on present techniques. Other elements for which present methods are barely able to meet the criteria demanded, even under good conditions, are calcium and chloride.
Application of similar considerations to other commonly-determined substances indicates that in some cases current methods operated under carefully controlled conditions have a satisfactory precision. In few, however, is the situation so good that subdivision of the normal population can be viewed with complete equanimity. The view that a method has a precision 'good enough for clinical purposes' is a dangerous one as it may lead to an unawareness of the distortions introduced.
The influence of accuracy
A commonly quoted example of the effect of accuracy on the normal range is that of blood 'sugar' determination. Copper reduction methods such as that of Folin and Wu are inaccurate in that substances other than glucose present in the sample are able to bring about reduction of cupric ions. In good hands, the precision of the method may be quite satisfactory and the effect on the normal range is then mainly attributable to the inaccuracy. Glucose oxidase methods are much more specific for glucose and the method is thus more accurate.
Depending on the quality of the analyst, reagents and apparatus, the precision will vary and Sm could easily exceed that found for the Folin-Wu method.
Inaccurate methods do not always give results higher than the true value. Low results may occur, for example, in the presence of enzyme inhibitors either in the determination of enzyme activity or when enzymes are employed as reagents. The inaccuracy of urease methods for the determination of urea in samples preserved with fluoride is such an example.
In general, the observed value will differ from the true value by a certain amount (D) . If the magnitude of D is strictly constant the effect will be to displace the mean of the normal range by D in the appropriate direction, the scatter about this mean (So) 5 having biological (Sb) and methodological (Sm) components as before. In practice D will not be constant but will be subject to variations. These may arise from biological variations of the true amount of the interfering substance, for example, glutathione in blood sugar determination. In addition, there may possibly be an increase in the purely methodological error as a result of these different concentrations of the interfering substance. The sum of these effects can be expressed as a S.D. (SIl) whose effect will be to increase the observed S.D. of the population (So) according to the usual equation
Consideration of the quantitative importance of this new factor on the value of So follows the lines discussed under the heading 'precision', Thus both the accuracy and precision of an analytical method are capable of having a marked effect on the normal range as determined in the clinical laboratory.
